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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a color filter 
substrate with which the control of the position of the 
symmetrical axis of axisymmetrical orientation is possible by 
having lower layer consisting of a material having high 
affinity to the material of colored layer and upper layer 
consisting of a material having a low affinity on the 
projecting part and forming the surface of the colored layer 
as recessed surfaces. 

SOLUTION: The lower layer 23 Of the projecting part 34 is 
formed on a glass substrate 22 by using a material having a 
high affinity to ink which is the material of the colored layer 
25 to be formed afterward. Next, the upper layer 14 is 
formed by using a material having a low affinity to the ink on 
the lower layer 23. Next, the ink is adhered to the parts 

corresponding to the picture element regions between the projecting parts 34 by a bubble jet 
method, etc., to form the colored layers 25. At this time, the flank of the lower layer 23 is wetted 
with the ink and, therefore, the surface of the ink are recessed by meniscus. After the ink is dried, 
an overcoating layer 26 and further a counter electrode 27 consisting of a transparent conductive 
material are formed on the colored layer 25 having the recessed surface to obtain the color filter 
substrate 30 having the conical recessed parts 33. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the color-filter substrate whose front face of this coloring layer it has the up layer which 
consists of an ingredient with the compatibility of the lower layer which these heights become from an 
ingredient with high compatibility with the ingredient of this coloring layer, and the ingredient of this 
coloring layer are the color-filter substrate which has a transparence substrate, the heights formed on this 
transparence substrate, and the coloring layer formed in the field surrounded by these heights, and low, and 
is a concave surface. 

[Claim 2] It is the color filter substrate according to claim 1 which has a crevice in the location 
corresponding to [ have a wrap overcoat layer for said heights and said coloring layer further, and ] the 
concave surface of this coloring layer in this overcoat layer. 

[Claim 3] Either [ at least ] said lower layer or said up layer is the color filter substrate according to claim 1 
or 2 which consists of an ingredient of protection-from-light nature. 

[Claim 4] A color filter substrate given in either of claims 1-3 with which the relation between critical- 
surface-tension gammaA of the ingredient which forms said lower layer, critical-surface-tension gammaC of 
the ingredient which forms said up layer, and surface tension gammaB of the charge of a coloring matter 
which forms said coloring layer fills the relation of gammaC<gamma B<=gamma A. 
[Claim 5] Said lower layer is a color filter substrate given in either of claims 1-4 which consist of a metal. 
[Claim 6] Said up layer is a color filter substrate given in either of claims 1-5 which consist of a resist 
ingredient. 

[Claim 7] A transparence substrate, the heights formed on this transparence substrate, and the coloring layer 
formed in the field surrounded by these heights, The lower layer which is the manufacture approach of a 
color filter substrate of ****(ing), and consists of an ingredient with high compatibility with the ingredient 
of this coloring layer on this transparence substrate, The process which forms these heights that have the up 
layer which consists of an ingredient with low compatibility with the ingredient of this coloring layer, The 
manufacture approach of the color filter substrate which includes the process which forms the coloring layer 
which the charge of a coloring matter is arranged to the field surrounded by these heights, and this charge of 
a coloring matter contacts these heights, and has a concave surface with a meniscus. 

[Claim 8] The manufacture approach of the color filter substrate according to claim 7 which includes further 
the process which covers said heights and said coloring layer with an overcoat ingredient, and forms in the 
location corresponding to the concave surface of this coloring layer the overcoat layer which has a crevice. 
[Claim 9] The manufacture approach of the color filter substrate according to claim 7 or 8 which forms 
either [ at least ] said lower layer or said up layer using the ingredient of protection-from-light nature. 
[Claim 10] The manufacture approach of a color filter substrate given in either of claims 7-9 using the 
ingredient with which the relation between critical-surface-tension gammaA of the ingredient which forms 
said lower layer, critical-surface-tension gammaC of the ingredient which forms said up layer, and surface 
tension gammaB of the charge of a coloring matter which forms said coloring layer fills the relation of 
gammaC<gamma B<=gamma A. 

[Claim 11] The manufacture approach of a color filter substrate given in either of claims 7-10 which form 
said lower layer using a metal. 

[Claim 12] The manufacture approach of a color filter substrate given in either of claims 7-1 1 which form 
said up layer using a resist ingredient. 

[Claim 13] A color filter substrate given in either of claims 1-7, and other substrates, It is the liquid crystal 
display which has the liquid crystal layer ****(ed) between this color filter substrate and these other 
substrates. It is the liquid crystal display with which this liquid crystal layer has a macromolecule field and 
the liquid crystal field substantially surrounded by this macromolecule field, the liquid crystal molecule in 
this liquid crystal field is carrying out axial symmetry orientation, and the symmetry axis of this axial 
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symmetry orientation is located in the center of the crevice of said coloring layer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the color filter substrate used for a liquid crystal display. It 
is related with the liquid crystal display which has the color filter substrate in the color filter substrate used 
for the liquid crystal display which has a wide-field-of-view angle property especially and its manufacture 
approach, and a list, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, the liquid crystal display in TN mode using the pneumatic 
liquid crystal as an indicating equipment using the electro-optical effect and STN mode is put in practical 
use. The liquid crystal display of these display modes needs orientation processing of the rubbing processing 
for needing ******** and specifying the direction of orientation of a liquid crystal molecule etc. 
{0003] The viewing-angle property of the conventional TN liquid crystal display is explained referring to 
drawing 1 . In the initial orientation condition, the pre tilt of the liquid crystal molecule 9 of a TN liquid 
crystal indicating equipment is carried out in the fixed direction, and all the liquid crystal molecules 9 start 
in the direction of a pre tilt decided beforehand by impressing an electrical potential difference among 
substrates 1 and 2 ( drawing 1 (b)). this time — drawing 1 (b) — when a liquid crystal cell is observed like the 
middle from a different viewing angle shown by arrow heads A and B, the permeability on appearance 
differs. Moreover, in the state of halftone (drawing of the middle), if the viewing angle is changed in the 
direction of an arrow head A, the phenomenon of making it falling remarkably will generate display grace — 
the reversal of contrast is seen. 

[0004] As a display mode which does not use a polarizing plate, the liquid crystal display in in the dynamic 
scattering (DS) mode and phase transition (PC) mode which dispersion was used is known. Moreover, the 
so-called macromolecule distribution liquid crystal (PDLC) mode was proposed recently as a display mode 
which does not need a polarizing plate and moreover does not need orientation processing, either. This 
display mode uses the rate of a birefringence of liquid crystal, and displays by controlling transparence or a 
nebula condition electrically. The Tsunemitsu refractive index of a liquid crystal molecule and the refractive 
index of a support medium are fundamentally made in agreement, and it displays using the transparence 
condition acquired when the orientation of a liquid crystal molecule gathers by electrical-potential- 
difference impression, and the light-scattering condition by turbulence of the orientation of the liquid crystal 
molecule at the time of no electrical-potential-difference impressing. As an approach of manufacturing the 
liquid crystal display of the above-mentioned display mode, the approach of including liquid crystal in a 
****** No. 501631 [ 58 to ] official report at a polymer capsule and the method of making liquid crystal 
**** and making a liquid crystal drop form into resin by mixing liquid crystal, light, or thermosetting resin 
in a ****** No. 502128 [ 61 to ] official report, and hardening resin are indicated. 

[0005] The liquid crystal display which pinched the polymer dispersed liquid crystal component which has 
the liquid crystal layer to which the liquid crystal field distributed JP,4-338923,A and JP,4-212928,A in the 
macromolecule in the rectangular polarizing plate is indicated. Although the effectiveness that this display 
improves an angle-of-visibility property is large, since the depolarization by dispersion is used theoretically, 
there is a problem that brightness is as low as one half compared with TN mode. 

[0006] JP,5-27242,A is indicating the approach of improving a viewing-angle property, by disturbing the 
orientation condition of a liquid crystal molecule with the wall and projection of a macromolecule, and 
forming a random domain. However, by this approach, a domain is random, a giant-molecule field is formed 
also in a picture element part, and the disclination line between liquid crystal domains occurs at random, and 
a disclination line does not disappear at the time of electrical-potential-difference impression. Therefore, this 
liquid crystal display has the low brightness at the time (at the time of a white display) of no electrical- 
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potential-difference impressing, and since the leakage of the light at the time of electrical-potential- 
difference impression (at the time of a black display) increases, it has the problem that contrast is low. 
[0007] Invention-in-this-application persons are indicating the liquid crystal display (axial-symmetry mode: 
Axially Symmetric aligned Microcell Mode (ASM mode)) which has improved the viewing-angle property 
remarkably by forming in JP,6-301015,A and JP,7-1201728,A the liquid crystal field 8 surrounded with the 
macromolecule wall 7 for every picture element by the liquid crystal layer ****(ed) between the substrate 1 
of a pair, and 2, and making them arrange the liquid crystal molecule 9 in the shape of axial symmetry 
centering on a symmetry axis 6, as shown in drawing 2 . In the liquid crystal display of drawing 2 , since the 
refractive index of the appearance of a liquid crystal molecule turns into a refractive index of the average at 
the time of seeing from the both directions of arrow heads A and B, permeability is equalized to each 
viewing-angle direction, and it becomes equal, consequently a viewing-angle property is improved 
compared with TN mode of drawing 1 . Although only the two directions of orientation are illustrated in the 
state of halftone since drawing 2 shows the cross section including the symmetry axis of the liquid crystal 
field which has axial symmetry orientation, the result by which all the refractive indexes of the appearance 
of the liquid crystal molecule which carried out axial symmetry orientation in fact were averaged is 
observed. Therefore, although the direction of orientation of a liquid crystal molecule should just be two or 
more in order to improve the viewing-angle property of the liquid crystal display in the conventional TN 
mode, the axial symmetry orientation is still more desirable. 

[0008] As the production approach of the above-mentioned display mode, a resist wall is formed on one 
substrate and the mixture of liquid crystal and a photo-setting resin is poured in into a eel using the eel 
which used this substrate. Furthermore, by temperature actuation and electrical-potential-difference 
actuation By making perform and carrying out axisymmetrization of the phase transition to a liquid crystal 
phase (nematic phase) and an isotropic phase Partial separation of liquid crystal and a photo-setting resin 
was performed for every picture element, and it has applied for the approach of fixing an orientation 
condition by stiffening a photo-setting resin by ultraviolet rays further to Japanese Patent Application No. 
No. 233744 [ six to ]. 

[0009] On the other hand, the production approach of the color filter using the ink jet method is indicated by 
JP,59-75205,A and JP,4-123005,A. According to the above-mentioned official report, by forming an 
enclosure for every picture element using a phot lithography techniques, and coloring the field in an 
enclosure using the ink jet method, a blot of ink is prevented and a color filter with little color mixture is 
offered. Furthermore, the latter has allotted silicone rubber on the polymeric materials of an enclosure, in 
order to prevent a blot of ink. 
[0010] 

[Problem(s) to be Solved by the Invention] In the liquid crystal display in the above-mentioned conventional 
axial symmetry orientation mode, as shown in drawing 3 , the phenomenon in which the symmetry axis 6 of 
the axial symmetry orientation of the liquid crystal field 8 shifts from the core of a picture element field may 
arise. Drawing 3 is the mimetic diagram showing the microscope observation result of the picture element of 
the liquid crystal display in the conventional axial symmetry orientation mode. In the result observed under 
the parallel Nicol's prism, drawing 3 (a) is the mimetic diagram showing the result of having observed the 
liquid crystal display in the condition (condition with the space bottom near an observer) of having leaned 
drawing 3 (b) in the direction shown by the arrow head in drawing, under the crossed Nicol. 
[001 1] Gaps of the symmetry axis 6 shown in drawing 3 differ every liquid crystal field 8, and the shaft 
orientations of a symmetry axis 6 have what (it leans) is not perpendicular to the front face of a substrate. 
Therefore, when a viewing angle is changed and the picture element which has the leaning symmetry axis 6 
is observed, the area of the field which looks black within a picture element differs from other picture 
elements according to the viewing-angle direction. For example, there are few fields which look black in the 
liquid crystal field 8 to which the symmetry axis 6 leans in the case where it is shown in drawing 3 (b) than 
other liquid crystal fields 8. As mentioned above, when it shifts from the core whose symmetry axis 6 of 
axial symmetry orientation is a picture element or a symmetry axis 6 inclines to a substrate front face in the 
liquid crystal display in axial symmetry orientation mode, a difference arises in the average permeability of 
a picture element, and on the whole, it sees, and is observed as a rough deposit, and there is a problem that 
display quality deteriorates. 

[0012] Moreover, in order to control the location and shaft orientations of a symmetry axis, when a new 
macromolecule wall, a macromolecule pattern, etc. are formed, there is a trouble that a production process 
becomes complicated and a cost rise and baton time amount become long. The approach of manufacturing 
the substrate for color liquid crystal displays with large-sized axial symmetry mode using phot lithography 
has the problem that a photo mask is expensive. When a mask which is different to the picture element of R, 
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G, and B especially, respectively is used, the photo mask (they are four sheets when a black mask is used) of 
three sheets is needed, and cost becomes very high. 

[0013] The place which it is made in order that this invention may solve the above-mentioned technical 
problem, and is made into the purpose is to offer the liquid crystal display swerved and used for the color 
filter substrate which can control the location of the symmetry axis of axial symmetry orientation and its 
manufacture approach, and a list. 
[0014] 

[Means for Solving the Problem] The heights by which the color filter substrate of this invention was 
formed on the transparence substrate and this transparence substrate, It is the color filter substrate which has 
the coloring layer formed in the field surrounded by these heights. These heights It has the lower layer 
which consists of an ingredient with high compatibility with the ingredient of this coloring layer, and the up 
layer which consists of an ingredient with low compatibility with the ingredient of this coloring layer, and 
the front face of this coloring layer is a concave surface, and the above-mentioned purpose is attained by 

that. . 
[001 5] It has a wrap overcoat layer for said heights and said coloring layer further, and you may make it this 
overcoat layer have a crevice in the location corresponding to the concave surface of this coloring layer. 
[0016] As for either [ at least ] said lower layer or said up layer it is desirable to consist of an ingredient of 
protection-from-light nature. 

[0017] It is desirable that the relation between critical-surface-tension gammaA of the ingredient which 
forms said lower layer, critical-surface-tension gammaC of the ingredient which forms said up layer, and 
surface tension gammaB of the charge of a coloring matter which forms said coloring layer fills the relation 
of gammaC<gamma B<=gamma A. 

[0018] Said lower layer consists of a metal in a certain example. Moreover, said up layer consists of a resist 
ingredient in a certain example. 

[0019] The manufacture approach of the color filter substrate of this invention A transparence substrate, the 
heights formed on this transparence substrate, and the coloring layer formed in the field surrounded by these 
heights, The lower layer which is the manufacture approach of a color filter substrate of ****(ing), and 
consists of an ingredient with high compatibility with the ingredient of this coloring layer on this 
transparence substrate, The process which forms these heights that have the up layer which consists of an 
ingredient with low compatibility with the ingredient of this coloring layer, The charge of a coloring matter 
is arranged to the field surrounded by these heights, this charge of a coloring matter contacts these heights, 
the process which forms the coloring layer which has a concave surface with a meniscus is included, and the 
above-mentioned purpose is attained by that. 

[0020] Said heights and said coloring layer may be covered with an overcoat ingredient, and the process 
which forms in the location corresponding to the concave surface of this coloring layer the overcoat layer 
which has a crevice may be included further. 

[0021] It is desirable to form either [ at least ] said lower layer or said up layer using the ingredient of 
protection-from-light nature. 

[0022] It is desirable that the relation between critical-surface-tension gammaA of the ingredient which 
forms said lower layer, critical-surface-tension gammaC of the ingredient which forms said up layer, and 
surface tension gammaB of the charge of a coloring matter which forms said coloring layer uses the 
ingredient which fills the relation of gamma C<gamma B<=gamma A. 

[0023] In a certain example, said lower layer is formed using a metal. Moreover, in a certain example, said 
up layer is formed using a resist ingredient. 

[0024] The liquid crystal display of this invention The above-mentioned color filter substrate and other 
substrates, It is the liquid crystal display which has the liquid crystal layer ****(ed) between this color filter 
substrate and these other substrates. This liquid crystal layer has a macromolecule field and the liquid crystal 
field substantially surrounded by this macromolecule field, the liquid crystal molecule in this liquid crystal 
field is carrying out axial symmetry orientation, the symmetry axis of this axial symmetry orientation is 
located in the center of the crevice of said coloring layer, and the above-mentioned purpose is attained by 
that. 

[0025] Hereafter, an operation is explained. 

[0026] The heights of the color filter substrate of this invention have the lower layer which consists of an 
ingredient with high compatibility with the ingredient of a coloring layer, and the up layer which consists of 
an ingredient with low compatibility with the ingredient of this coloring layer. If ink is made to adhere and a 
coloring layer is formed in the part corresponding to the picture element field between heights by the bubble 
jet process or the ink jet method, since the ingredient A of a lower layer has high compatibility with ink, ink 
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will be damp on the side face of a lower layer (a contact angle is less than 90 degrees), therefore, a meniscus 
- the front face of ink turns into a concave surface. Since the up layer which consists of an ingredient with 
low compatibility with ink crawls ink, it can control that ink overcomes heights and a color is mixed. 
[0027] If a bubble jet process and the ink jet method are used, the coloring layer of a color (for example, R, 
G, B) which is different in ** can be formed in a picture element field at once using one mask. 
[0028] Moreover, if the liquid crystal display in axial symmetry orientation mode is manufactured using the 
above-mentioned color filter substrate, since the symmetry axis of axial symmetry orientation will be 
formed in the location corresponding to the center section of the crevice of the coloring layer of a color filter 
substrate, the high wide-field-of-view angle liquid crystal display of display quality is obtained. 
[0029] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
[0030] The fragmentary sectional view of the liquid crystal display 100 by this invention is shown in 
drawing 4 . A liquid crystal display 100 has the liquid crystal layer 32 ****(ed) by the color filter substrate 
30, the active-matrix substrate 31, and the substrates 30 and 31 of these pairs. The liquid crystal layer 32 has 
the liquid crystal field 38 substantially surrounded by the macromolecule field 37 for every picture element 
field. 

[0031] Axial symmetry orientation of the liquid crystal molecule in the liquid crystal field 38 is carried out 
the core [ a symmetry axis 36 ]. A symmetry axis 36 is located at the core of each picture element field, and 
is perpendicular to the field of substrates 21 and 22. The symmetry axis 36 is located at the core of the 
crevice 33 of the shape of a earthenware mortar currently formed in the front face by the side of the liquid 
crystal layer 32 of the color filter substrate 30. 

[0032] The active-matrix substrate 31 has the switching element (un-illustrating) prepared every picture 
element electrode 28 with the picture element electrode 28 on the glass substrate 21 . Moreover, the color 
filter substrate 30 has the heights 34 for forming the earthenware mortar-like crevice 33 on a glass substrate 
22, the coloring layer 25 formed between heights 34, and the transparent counterelectrode 27 formed on the 
wrap overcoat layer 26 and the overcoat layer 26 in these. Heights 34 have the up layer 24 with low 
compatibility with the ingredient which forms the lower layer 23 with high compatibility and the coloring 
layer 25 with the ingredient which forms the coloring layer 25. Typically, the coloring layer 25 has the 
coloring layers 25a, 25b, and 25c corresponding to R, G, and B which are the three primary colors of light, 
respectively. In addition, a full color display can combine other colors in an unnecessary application. 
[0033] In addition, in this application specification, a picture element field means the minimum unit which 
displays, and points out the field containing the picture element electrode 28, a counterelectrode 27, and the 
liquid crystal layer 32 in inter-electrode [ these ]. Picture element area size is prescribed by the magnitude of 
a picture element electrode. In addition, when a black matrix etc. is established, a picture element field is 
prescribed by opening of a black matrix. Moreover, the group (for example, ****** of R, G, and B) of the 
picture element which displays a different color forms a pixel. 

[0034] The microscope observation result of the picture element field of a liquid crystal display 100 is 
typically shown in drawing 5 . In the result observed under the parallel Nicol's prism, drawing 5 (a) is the 
mimetic diagram showing the result of having observed the liquid crystal display in the condition (condition 
t with the space bottom near an observer) of having leaned drawing 5 (b) in the direction shown by the arrow 
head in drawing, under the crossed Nicol. Since permeability does not differ between picture elements even 
if a symmetry axis 36 is located in the center of the liquid crystal field 38 (picture element field), and it leans 
a liquid crystal display to the front face of substrates 21 and 22 in the liquid crystal display 100 of this 
invention since it is perpendicular as shown in drawing 5 (even if it changes a viewing angle), the uniform 
display without a rough deposit can be performed. 

[0035] Below, the manufacture approach of the Calah filter base plate 30 of drawing 4 is explained. 
[0036] First, the lower layer 23 of heights 34 is formed on a glass substrate 22 using the ingredient A with 
high compatibility with the ink which is the ingredient of the coloring layer 25 formed behind. Next, on the 
lower layer 23, compatibility with ink uses the low ingredient C, and forms the up layer 24 of heights 34. 
These processes can be formed using a well-known thin film technology and a phot well-known lithography 
techniques. 

[0037] Next, by the bubble jet process or the ink jet method, ink is made to adhere and the coloring layer 25 
is formed in the part corresponding to the picture element field between heights 34. If these approaches are 
used, the coloring layers 25a, 25b, and 25c of a color (for example, R, G, B) which is different in ** can be 
formed in a picture element field at once using one mask. Since the ingredient A of the lower layer 25 has 
high compatibility with ink at this time, ink is damp on the side face (it is a perpendicular field to the front 
face of a substrate 22) of the lower layer 25 (a contact angle is less than 90 degrees), therefore, a meniscus - 
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the front face of ink turns into a concave surface. Since the up layer 24 which consists of an ingredient with 
low compatibility with ink crawls ink, it can control that ink overcomes heights 34 and a color is mixed. 
[0038] In order to acquire above-mentioned effectiveness, it is desirable that the relation between ink, 
critical-surface-tension gammaA of the ingredient A with high compatibility, ink, critical-surface-tension 
gammaC of the ingredient C with low compatibility, and surface tension gammaB of the charge of a 
coloring matter (ink) is gammaC<gammaB<=gammaA. In gamma C>=gamma B, crawling of the ink by 
Ingredient C is not enough, and color mixture tends to generate it. Moreover, since ink is not damp at 
Ingredient A in gamma B>gamma A, the front face of ink turns into a convex with a meniscus, and it 
becomes difficult to control the location of the symmetry axis of a liquid crystal field. 
[0039] After drying ink, the color filter substrate 30 which has the earthenware mortar-like crevice 33 is 
obtained by forming the overcoat layer 26 and the counterelectrode 27 which consists of a transparence 
electrical conducting material further on the coloring layer 25 which has a concave surface. 
[0040] As an ingredient of the overcoat layer 26, although a commercial overcoat ingredient can be used, 
heat-resistant high polyimide, epoxy acrylate, etc. are desirable so that the thermal resistance of a liquid 
crystal display may not be spoiled. In addition, the overcoat layer 26 is also omissible. As an ink ingredient, 
the ink used with the conventional ink jet method and a conventional bubble jet process can be used widely. 
[0041] Moreover, an insulating layer, the orientation film, etc. may be formed on a counterelectrode 27 if 
needed. In addition, it is necessary to control each thickness so that a crevice 33 is formed in the front face 
by the side of the liquid crystal layer 32 of the color filter substrate 30 in which these layers were formed. 
As for the depth of a crevice, it is desirable that it is in the range of about 0.05-0.5 micrometers. If the 
effectiveness which controls the location in which a liquid crystal phase will be formed if shallower than 
about 0.05 micrometers in the center section is weak and exceeds about 0.5 micrometers, the surrounding 
(outside of a picture element) eel gap of a crevice will become small, and liquid crystal will stop being able 
to enter easily. 

[0042] Next, the formation approach of the liquid crystal field 38 of having axial symmetry orientation is 
explained. 

[0043] A eel is produced by maintaining fixed spacing and making the active-matrix substrate 31 and the 
above-mentioned color filter substrate 30 rival. The precursor mixture which contains a liquid crystal 
ingredient and hardenability resin in a eel is poured in, and it heats until the precursor mixture between 
substrates will once be in a homogeneity condition (to beyond compatibility-ized temperature). Then, by 
cooling, phase separation of the precursor mixture is carried out, and a liquid crystal field (liquid crystal 
phase) is formed. Since a liquid crystal field has the inclination to gather at the large place of spacing of a 
substrate, at this time so that surface energy may become min, it gathers in the center of the crevice 33 of the 
shape of a earthenware mortar of the color filter substrate 30. Moreover, the condition that a liquid crystal 
field has a symmetry axis 36 in the center of a crevice 33 serves as stability. Furthermore, by impressing an 
electrical potential difference in a phase separation process, the orientation of the liquid crystal molecule of 
a liquid crystal field becomes uniform, and a symmetry axis can be made perpendicular to a substrate front 
face. 

[0044] When a eel is furthermore cooled and a liquid crystal field fully grows (it grew up to be the almost 
same magnitude as a picture element field), ultraviolet rays are irradiated at precursor mixture and the 
macromolecule field 37 is formed by stiffening a photo-setting resin. Consequently, phase separation is 
completed and the structure of the liquid crystal layer 32 shown in drawing 4 is fixed. Thus, it is located in 
the center section of the picture element field, and the liquid crystal field 38 which has the axial symmetry 
orientation centering on the symmetry axis 36 which stood in the direction perpendicular to the field of 
substrates 22 and 21 is formed. The approach of forming axial symmetry orientation is not restricted to the 
above-mentioned approach. 

[0045] In addition, few [ as much as possible ] things of the number of the liquid crystal fields 38 in a 
picture element field are desirable. Since the macromolecule field 37 surrounded substantially does not 
contribute the liquid crystal field 38 to a display, if the macromolecule field 37 is formed in a picture 
element field, a numerical aperture will fall. However, when it is the long picture element 60 (picture 
element from which an aspect ratio differs) shown in drawing 6 , two liquid crystal fields 68 which have the 
axial symmetry orientation substantially surrounded in the macromolecule field 67 may be formed to one 
long picture element 60. In this case, it is desirable to form a color filter substrate so that a symmetry axis 
may be formed in the center section of the liquid crystal field 68 to each liquid crystal field 68. Especially 
the combination of the color of a coloring layer is not limited. The coloring layer of a color which is 
different to 2 liquid-crystal field 68 in one long picture element 60 may be formed, and the coloring layer of 
the same color may be formed. What is necessary is just to constitute so that desired color display can be 
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performed as a whole. 

{0046] Moreover, one liquid crystal field surrounded in the macromolecule field can be formed to one 
picture element field, and the liquid crystal field can also consider as the configuration which has two or 
more axial symmetry orientation domains. 

[0047] However, if many domains exist in a liquid crystal field, since a disclination line will be formed 
between domains, black level falls. Therefore, it is more desirable to form a liquid crystal field in a single 
axial symmetry domain. In this case, since a disclination line is formed on the periphery of a domain at the 
time of electrical-potential-difference impression, it hardly happens that a disclination line enters into a 
picture element part. Moreover, in the case of the long picture element 60 shown in drawing 7 , when 
forming one liquid crystal field which has two axial symmetry domains to one long picture element 60, it is 
desirable to form BM (black matrix) in the border area of the axial symmetry domain in a picture element. 
[0048] 

[Example] Although the example of this invention is shown below, this invention is not limited to this. 
[0049] (An example 1, example 1 of a comparison) 

The fragmentary sectional view of the color filter substrate 70 of this example is shown in color filter 
substrate drawing 7 of an example 1. The color filter substrate 70 has the heights 84 for forming the 
earthenware mortar-like crevice 83 on a glass substrate 72, the coloring layer 75 formed between heights 84, 
and the transparent electrode 77 which consists these of ITO (indium stannic acid ghost) formed on the wrap 
overcoat layer 76 and the overcoat layer 76. The insulating layer which consists of a silicon dioxide etc. may 
be formed on a transparent electrode 77. Heights 84 have the up layer 74 which compatibility with the 
ingredient which forms the lower layer 73 which compatibility with the ingredient which forms the coloring 
layer 25 becomes from a high metal, and the coloring layer 75 becomes from a low resist. The coloring layer 
75 consists of coloring layers 75a, 75b, and 75c corresponding to R, G, and B, respectively. Since the lower 
layer 73 is formed with the metal which has protection- from-light nature, it functions also as a black mask. 
[0050] Next, the manufacture approach of the color filter substrate 70 is explained, referring to drawing 8 . 
First, on a glass substrate 72 (1.1mm thickness), Mo is used, the lower layer 73 (thickness: 0.3 micrometers) 
is formed, (a) and on it, a resist ingredient (MR83: 0 Tokyo adaptation shrine make) is used, and the up 
layer 74 (thickness: about 1 micrometer) is formed (b). The up layer 74 is exposed and developed, and 
patterning of the up layer 74 is carried out so that a picture element field may be surrounded (between 
picture element fields) (c). The lower layer 73 is etched by using as a mask the up layer 74 by which 
patterning was carried out. Consequently, heights 84 are formed (d). In the field surrounded by the heights 
84 of the obtained substrate, corresponding to each picture element, the ink of R, G, and B is arranged by 
ink JIETSU ******, it dries and the coloring layer 75 is formed. The surface tension of ink is 42 N/m and is 
the in-between value of the critical surface tension (80 or more N/m) of Mo, and the critical surface tension 
(28 N/m) of a resist ingredient. Therefore, the front face of the coloring layer 75 turns into a earthenware 
mortar-like concave surface with a meniscus (e). In addition, it asked for surface tension from the contact 
angle using the surface tension measuring device (Consonance Interface Science company make). 
[0051] The overcoat layer 76 is formed using an overcoat ingredient (V259: the Nippon Steel Chemistry 
company make) so that heights 84 may be covered. Although the thickness of the overcoat layer 76 changes 
with concave heights (location), it is about 0.5-1 micrometer. The front face of the overcoat layer 76 turns 
into a earthenware mortar-like concave surface under the effect of heights 84 and the concave surface of the 
coloring layer 75 (f). Then, 50nm of ITO is formed in the front face of the overcoat layer 76, a transparent 
electrode 77 is formed, and the color filter substrate 70 is obtained (g). 

[0052] The fragmentary sectional view of the color filter substrate 90 of this example of a comparison is 
shown in color filter substrate drawing 9 of the example 1 of a comparison. This example of a comparison is 
the case that the ingredient which forms the lower layer 93 which forms heights 104, and the up layer 94 is 
contrary to an example 1 . 

[0053] The color filter substrate 90 has the heights 94 for forming a crevice 103 on a glass substrate 92, the 
coloring layer 95 formed between heights 94, and these with the transparent electrode 97 which consists of 
ITO (indium stannic acid ghost) formed on the wrap overcoat layer 96 and the overcoat layer 96. Heights 
104 have the up layer 94 which compatibility with the ingredient which forms the lower layer 93 which 
compatibility with the ingredient which forms the coloring layer 95 becomes from a low resist, and the 
coloring layer 95 becomes from a high metal. The coloring layer 95 consists of coloring layers 95a, 95b, and 
95c corresponding to R, G, and B, respectively. 

[0054] The color filter substrate 90 can be manufactured in a similar process using the same ingredient as an 
example 1 except having formed the lower layer 93 using the resist ingredient (MR83: 0 Tokyo adaptation 
shrine make), and having formed the lower layer 93 using Mo. It has become reverse [ the relation between 
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the critical surface tension of the ingredient which forms the lower layer 93 and the up layer 94, 
respectively, and the surface tension of the ingredient which forms the coloring layer 95 ] the example [ the 
heights 104 of this example of a comparison ] 1. Therefore, if ink is arranged to the field surrounded by 
heights 104 using the ink jet method, since the lower layer 93 which consists of a resist ingredient will crawl 
ink, the front face of the coloring layer 95 turns into a convex with a meniscus. 
[0055] A liquid crystal display is formed using the color filter substrates 70 and 90 obtained in the 
manufacture above-mentioned example 1 and the example 1 of a comparison of a liquid crystal display, and 
the active-matrix substrate which is the following, and is made and manufactured. 
[0056] On the active-matrix substrate manufactured using the well-known approach, the resist wall was 
formed around the picture element field with the resist ingredient (MR83: 0 Tokyo adaptation shrine make). 
The resist wall was formed in the field except a picture element electrode and a switching element. The 
spacer of the shape of a bead for keeping eel thickness constant is arranged, and it is formed in this resist 
Kabeuchi so that a bead-like spacer may not be exposed from the front face of a resist wall. 
[0057] This is for forming a macromolecule field so that a surface condition (surface tension) may be made 
at homogeneity the resist wall which touches the precursor mixture for forming a liquid crystal layer and a 
resist wall may be covered. 

[0058] The resist wall of above-mentioned structure is the following, and can be made and formed. After 
carrying out patterning of the 1st resist layer in which the shape of a bead carried out spacer mixing, the 
resist layer of a wrap 2nd is formed and patterning of it is carried out. It can avoid exposing a spacer from a 
resist wall by setting up more greatly than the diameter of a bead-like spacer the difference of the width of 
face of the width of face of the 1st resist layer, and the 2nd resist layer at this time. 

[0059] Business of the sealing compound was carried out for the active-matrix substrate and the color filter 
substrates 70 and 90 which were obtained, and the liquid crystal cell of lamination, an example 1, and the 
example 1 of a comparison was produced. 

[0060] Compound A expressed with R-684 (Nippon Kayaku Co., Ltd. make) 0.2g, p-phenyl styrene 0.2g, 
and the following (** 1) in each eel The precursor mixture which mixed liquid crystal ingredient ZLI-4792 
(Merck [ Co. ] make: S-81 1 0.4-% of the weight content) 4.5g and O.lg photoinitiator Irgacure651 (Ciba- 
Geigy make) 0.025g further was prepared and poured in. 
[0061] 



[0062] Then, it cooled after heating to the temperature beyond the compatibility-ized temperature of 
precursor mixture (100 degrees C) and once changing the inside of a eel into a homogeneity condition until 
the liquid crystal field spread to the whole picture element field. Then, it heated again until the liquid crystal 
field became the magnitude of 1/4 which is a picture element. In this condition, effective voltage 5V and an 
electrical potential difference with a frequency of 60Hz were impressed to inter-electrode, and the electrical 
potential difference was dropped after that. In this condition, the liquid crystal field changed into the axial 
symmetry orientation condition. Since there was an inclination for liquid crystal fields to gather for a part 
with thick eel thickness at this time, although the liquid crystal field was formed in the picture element field, 
in the example 1, the location of a symmetry axis became that it is not fixed and random by the example 1 of 
a comparison to the liquid crystal field which has a symmetry axis having been formed in the center section 
of the picture element field. Then, ultraviolet rays were irradiated for 30 minutes from the active-matrix 
substrate side in the place of bottom of high-pressure mercury lamp 2 mW/cm2, and the photo-setting resin 
was stiffened. 

[0063] As a result of observing the produced eel with a polarization microscope, as shown in drawing 5 , 
with the liquid crystal display of an example 1 , the symmetry axis of axial symmetry orientation was located 
in the center of a picture element field in almost all picture element fields. On the other hand, in the liquid 
crystal display of the example 1 of a comparison, the symmetry axis was greatly shifted from the center of a 
picture element field in almost all the picture element field. Moreover, even if the liquid crystal display of an 
example 1 leaned the viewing angle, the uniform display without a rough deposit was obtained. The liquid 
crystal display of the example 1 of a comparison was in the halftone condition, and the rough deposit was 
observed when a viewing angle was pushed down. 

[0064] (Example 2 of a comparison) The color filter substrate (un-illustrating) of the example 2 of a 
comparison is the case where the up layer 74 of the heights 84 in the color filter substrate 70 of an example 
is omitted. Manufacture of this color filter substrate can be performed like an example 1. 
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[0065] Since concordance with ink had the good lower layer which the up layer which becomes heights 
from the resist which crawls ink does not exist, and consists of Mo, the heights which the ink arranged for 
every picture element becomes from Mo were overcome, color mixture happened, and the obtained color 
filter substrate caused the optical omission and the fall of color purity. 
[0066] 

[Effect of the Invention] According to that of this invention, the color filter substrate which can control the 
location of the symmetry axis of the liquid crystal field of the liquid crystal display in axial symmetry mode 
in the center section of the picture element field is offered. 

[0067] This color filter substrate is manufactured simple by controlling the wettability of the ingredient and 
ink which constitute the heights prepared around a coloring layer. Moreover, since a coloring layer is 
formed using the ink jet method or a bubble jet process, it is a color filter even corresponding to a large- 
sized substrate cheaply [ can carry out the process compaction of the production process (3-4 times of phot 
lithography processes) of the usual color filter, and ]. 

[0068] The liquid crystal display with a color filter of this invention can determine clearly the location of the 
shaft of the axial symmetry-like orientation in each picture element, can reduce the rough deposit seen when 
changing a viewing angle, is uniform and can offer the high extensive viewing-angle liquid crystal mode of 
contrast. The liquid crystal display by this invention can be used for the Personal Digital Assistant seen by a 
lot of people, a personal computer, a word processor, an amusement device, television and the plotting board 
using the shutter effectiveness, an aperture, a door, a wall, etc. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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